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PARALLEL SIGNAL TRANSMISSION DEVICE 

Background of the Invention 

5 [0001] 
Field of the Invention 

The present invention relates to a parallel signal transmission 
device, and in particular to a parallel signal transmission device 
converting serial signals into parallel signals at a transmitting unit to 

If 10    be transmitted to a receiving unit. 
1 [0002] 

When   parallel   signals   converted   from   serial   signals are 
jj] transmitted from a transmitting unit to a receiving unit using a 
in plurality of signal lines, the receiving unit cannot perform a normal 
L 15 parallel signal processing due to skews, i.e. dispersion of data phases, 
{Jj generated   on   individual   signal   lines.   Therefore,   some skew 
y adjustments (phase adjustments) are required. 
P [0003] 

Description of the Related Art 
20 In a prior art transmission device using parallel signal lines, the 

period of transmission data is long enough compared to generated 
skews. Therefore, there has been adopted a technique of providing a 
simple delay circuit between the transmitting unit and the receiving 
unit for the adjustments, or lowering the transmission speed itself. 

25 [0004] 
However, with a technological leap advance in recent years, 

ultrahigh-speed/high-capacity signal transmission has been made 
possible. For example, in an integrated circuit (IC), the period of 
parallel transmission data has been extremely shortened, so that the 

30 proportion of skew to the data period is increased, and the parallel 
data along time axis are misaligned in phase, thereby causing a 
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problem that a normal processing cannot be performed. 

[0005] 
Summary of the Invention 

5 It is accordingly an object of the present invention to provide a 
parallel signal transmission device for converting serial signals into 
parallel signals at a transmitting unit to be transmitted to a receiving 
unit, wherein skews along time axis are adjusted which have been 
difficult to be controlled with a simple delay circuit. 

10 [0006] 
In order to achieve the above-mentioned object, a parallel signal 

transmission device according to the present invention (l), as 
schematically shown in Fig.l, comprises: a transmitting unit 1 
provided with a latch 12 for periodically latching parallel signals 

15 besides the parallel signals outputted from a serial-parallel converter 
(S/P) 11, a latch code signal generator 13, as an example of a code 
signal generator, for generating serial code signals including 
synchronizing signals from the signals latched at the latch 12, and a 
fixed delay portion 14 for adjusting phases of the parallel signals to 

20 the serial code signals by delaying the parallel signals by a 
predetermined delay time! and a receiving unit 3 provided with a clock 
recovery portion 31 of the parallel signals and the serial code signals, 
a bit changeover portion 32 for changing over bits of the parallel 
signals and the serial code signals based on clocks recovered by the 

25 clock recovery portion 31, a bit shift detector 33 for detecting bit shift 
amounts of the parallel signals outputted from the bit changeover 
portion 32 based on the serial code signals, and a variable delay 
portion 34 for performing skew adjustments of the parallel signals 
outputted from the bit changeover portion 32 depending on the bit 

30    shift amounts. 
[0007] 
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Hereinafter, the operation of the present invention (l) will be 
described referring to time charts shown in Figs.2A, 2B, 3A-3D, 4A, 
4B, and 5A-5F. 

Firstly, ultrahigh-speed serial signals (frequency P [Hz]) shown 
5 in Fig.2A inputted to the transmitting unit 1 are converted into data 

of a parallel number "N" (hereinafter, occasionally referred to as 
N-parallel data or N-parallel signals) as shown in Fig.2B at the 
serial-parallel converter (S/P) 11 to be transmitted to the latch 12 and 
the fixed delay portion 14. 

10 [0008] 
Such N-parallel signals are periodically sampled at the latch 12. 

Namely, the N-parallel signals shown in Fig.2B, also shown in Fig.3A, 
are converted by the latch 12 into N-parallel latch signals at a 
sampling period shown in Fig.3B. 

15 [0009] 
Such N-parallel latch signals are converted by the latch code 

generator 13 into the serial code signals such as serial latch code 
signals (see Fig.3D) having a frame signal FP of the sampling period 
shown in Fig.3B to be outputted to the receiving unit 3 through a 

20 transmission line 2. It is to be noted that the serial latch code signals 
are outputted in a form, as shown in Fig.3D, where fixed data 
including the frame signal FP are inserted on both sides of the data of 
the serial signals converted from the N-parallel latch signals shown in 
Fig.3C. 

25 [0010] 
The parallel signals outputted from the serial-parallel converter 

11 are provided with a predetermined delay time by the fixed delay 
portion 14, for performing phase adjustments between the N-parallel 
signals outputted to the receiving unit 3 and the serial latch code 

30 signals outputted from the latch code generator 13, and are 
transmitted to the receiving unit 3 through the transmission line 2. 
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The predetermined delay time will be described later. 
[0011] 

In the receiving unit 3, the N-parallel signals (frequency P/N 
[Hz]) from the fixed delay portion 14 and the serial latch code signals 
(frequency P/N [Hz]) from the latch code generator 13 are inputted to 
the clock recovery portion 31. The clock recovery portion 31 is 
composed of clock recovery portions DCRIDCRN (DCR: Digital Clock 
Recovery) for recovering clocks for each of the N-parallel signals, and 
a clock recovery portion DCRLT for the serial latch code signals, so that 
clock components are extracted from the received signals with one of 
the clocks being made a reference clock (master clock) and outputted, 
together with the data, to the bit changeover portion 32 as shown in 
Fig.4A. 

[0012] 
Thus, the data outputted from the clock recovery portions 

DCRI-DCRN have dispersed data positions as shown in Fig.4A, namely, 
skew states. Therefore, the bit changeover portion 32 changes over the 
bits of the N-parallel signals with the reference clock as shown in 
Fig.4B, thereby eliminating shifts along the time axis before 
transmitting to the variable delay portion 34. It is to be noted that 
serial latch code signals (see Fig.3D) outputted from the clock recovery 
portion DCRLT also have their bits changed over at the bit changeover 
portion 32. 

[0013] 
Thus, the N-parallel signals and serial latch code signals having 

their bits changed over at the bit changeover portion 32 are 
transmitted to the bit shift detector 33 to detect the bit shift amounts. 

Namely, in the bit shift detector 33, the N-parallel signals after 
the bit changeover as shown in Fig.5A and the serial latch code 
signals shown in Fig.3D are inputted. The serial latch code signals are 
internally converted into N-parallel expanded latch code data as 



shown in Fig.5C, so that the bit shift amounts of the N-parallel signals 
are detected by performing a code matching between the N-parallel 
signals shown in Fig.5A and the latch code signals shown in Fig.5C. 

[0014] 
5 In order to detect such bit shift amounts, the bit shift detector 33 

uses a window (see Fig.5B) of a predetermined bit number "W" as a bit 
shift monitoring range, on the basis of latch period signals as 
synchronizing signals shown in Fig.5D corresponding to the frame 
signals of the serial latch code signals shown in Fig.3D. 

If 10 [0015] 
5 Namely, it is seen, for example, that a bit A6 of the N-parallel 
ffi signals shown in Fig.5A has a bit shift amount "A" to the latch period 
2 signals, a bit B6 a bit shift amount "B", a bit C6 a bit shift amount "C", 
W and a bit N6 a bit shift amount "N". 
U 15 [0016] 
H The bit shift amounts of the parallel data thus obtained by the 
2 bit shift detector 33 are provided to the variable delay portion 34, and 
C outputted from the variable delay portion 34 as skew adjusted 

N-parallel signals (frequency P/N [Hz]) as shown in Fig.5F. 
20 [0017] 

Therefore, the parallel signals outputted from the variable delay 
portion 34 are in the form aligned along the time axis as shown in 
Fig.5F. 

It is to be noted that an optimum bit range possibly generating 
25    skews can be used for the bit number of the above-mentioned window 

W in the light of experiences, experiments, or the like.   Also, it is 
preferable to set the predetermined delay time of the fixed delay 
portion 14 for the phase adjustments to this window. 

[0018] 
30 In the parallel signal transmission device according to the 

present invention (2), as schematically shown in Fig.6, in addition to 
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the arrangement of the present invention (l) shown in Fig.l, the 
transmitting unit 1 is further provided with a scrambler (SCR) 15 for 
scrambling the parallel signals to be furnished to the latch 12 and the 
fixed delay portion 14, and the receiving unit 3 is further provided 

5 with a descrambler (DSR) 35 for descrambling the parallel signals 
outputted from the variable delay portion 34. 

[0019] 
Hereinafter, the operation of the present invention (2) will be 

described referring to time charts shown in Figs.7A-7G. 
10 The time charts shown in Fig.7A illustrate parallel signals of 

N=8 so that the parallel signals shown in Fig.7A respectively 
correspond to the parallel signals shown in Fig.3A. The parallel 
signals scrambled by the scrambler 15 are shown with parentheses in 
Fig.7B. 

15 [0020] 
These scrambled parallel signals are sampled at the latch 12 in 

the same way as in Fig.3B and serialized by the latch code generator 
13 are shown as serial latch code signals in Fig.7C. 

Therefore, even if the parallel signals provided to the scrambler 
20    15 are data fixed to "1" or "0", the output of the scrambler 15 can be 

transmitted to the receiving unit 3 without assuming fixed data since 
they are scrambled. 

[0021] 
The foregoing similarly applies to the serial latch code signals 

25    shown in Fig.7C, which assume mixed 0-and-l signals. 
In the receiving unit 3, skew adjustments are performed to the 

parallel signals after bit changeover shown in Fig.7D in the same way 
as in Fig.5F based on the received serial latch code signals shown in 
Fig.7E and then outputted from the variable delay portion 34 as the 

30    parallel signals after the skew adjustments shown in Fig.7F. 
[0022] 
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Then, descramblers DSRI-DSRN composing the descrambler 35 
descramble the parallel signals, in opposite to the scrambler 15 in the 
transmitting unit 1, and recover the parallel signals into the original 
8-parallel signals to be outputted. 

5 Thus, the receiving unit 3 performs the clock recovery to the 
scrambled data, thereby stabilizing the clock recovery operation and 
improving the performance thereof. 

[0023] 
In the parallel signal transmission device according to the 

10    present invention (3), as schematically shown in Fig.8, in addition to 
the present invention (2) shown in Fig.6, the latch 12 resets the 
scrambler 15 at the timing the latch 12 latches the parallel signals, 
and the bit shift detector 33 in the receiving unit 3 resets the 
descrambler 35 at the timing the bit shift detector 33 performs the 

15    skew adjustments to the variable delay portion 34. 
[0024] 

Hereinafter, the operation of the present invention (3) will be 
described referring to time charts shown in Figs.9A"9H. It is to be 
noted that the parallel signals of N=8 are used in the examples of the 

20    time charts. 
In Figs.9A-9H, only the latch timing signals shown in Fig.9H for 

resetting the scrambler 15 are added to the time charts of Figs.7A-7G. 
The scrambling process of the scrambler 15 is reset by the latch 
timing signals, and the bit shift detector 33 resets the descrambling 

25 process of the descramblers DSRI-DSRN by the corresponding latch 
synchronizing signals (see Fig.5D) of the serial latch code signals 
shown in Fig.9E. 

[0025] 
Thus, the resetting is performed per each latch timing signal, so 

30    that even if the data are erred in the transmission line 2, their 
influence on other sampling data is suppressed, thereby stabilizing 
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the operation of the clock recovery portion. 
In the parallel signal transmission device according to the 

present invention (4), the above-mentioned parallel number in the 
parallel signals is made a prime number. Hereinafter, this will be 

5    described   referring   to   the   operation   time   charts   shown in 
Figs.lOA-lOE. 

[0026] 
For example, the signals shown in the time charts of Figs.2A and 

2B are n-multiplexed N-parallel signals. In case of n=N and arbitrary 
y. 10    bits fixed to "0" or "1", the signal lines at the time of conversion into 
g        parallel signals always assume fixed data of "0" or "1". 
W [0027] 

In order to avoid this fact, in the present invention (4), the 
Jj5 parallel number "N" comprises a prime number, that is "5" in this 
!\ 15    example. Thus, for example, data A8 (A8-1-A8-7) shown by boldface 
W        characters are transmitted randomly through five parallel signal lines, 
y        as seen from comparing Figs.lOA and 10C. Therefore, even if the data 
2        A8 are the fixed data, transmission on fixed signal lines is eliminated, 

thereby stabilizing the operation of the clock recovery portion and 
20    contributing to the performance improvement thereof. 

[0028] 
In the parallel signal transmission device according to the 

present invention (5), the above-mentioned parallel number and a bit 
number at a sampling interval latched by the latch 12 are mutually 

25 made a prime relationship. Hereinafter, this will be described 
referring to the operation time charts shown in Figs.llA-llE. It is to 
be noted that Figs.llA-llE correspond to the time charts shown in 
Figs.lOA-lOE. 

[0029] 
30 In this operation example, as shown in Fig.llA, N=4 parallel 

signals with the data period of 1 frame=16 bits are used, and since the 
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period of the serial latch code signals shown in Fig. 1 IB is 7 bits, the 
latch timing of the latch 12 and the data period are mutually in the 
prime relationship. 

[0030] 
5 As a result, data of xx-1 (A1-1-A4-1) are latched in the first 

frame, data of xx4 (A1-4-A4-4) are latched in the second frame, no 
data is latched in the third frame, and data of xx-3 (A1-3-A4-3) are 
latched in the fourth frame. 

Therefore, data of different timings are latched each time, so 
N-10 that even if the data are periodic, the data of different timings are 
□ latched per frame, thereby avoiding the miss detection due to fixed 
2        bits in the bit shift detector 33. 
W [0031] P 
|H It is preferable that the bit shift detector detects the bit shift 
L 15 amounts of the parallel signals in a predetermined stage of forward 
:'        and backward protection units. 
y Also, it is preferable that the bit shift detector has a determining 
|i        unit for determining the synchronization established state where the 

bit shift amounts are detected only when a protection is established by 
20    only one of the protection units. 

[0032] 
Moreover, it is preferable that the bit shift detector has a 

prohibiting unit for prohibiting the code matching at timings other 
than timings of synchronizing signals when the synchronization 

25    established state is obtained. 
It is more preferable that the bit shift detector has a clearing 

unit for clearing the protection units of the corresponding parallel 
signals when the synchronization established state is not obtained. 

[0033] 
30 It is further preferable that the bit shift detector has a warning 

unit for generating a warning when the synchronization established 
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state is not obtained for a predetermined time. 

Brief Description of the Drawings 
Fig.l is a block diagram showing a schematic arrangement of a 

5    parallel signal transmission device according to the present invention 
(1) ; 

Figs.2A and 2B are time charts showing an operation of a 
serial-parallel conversion in a transmitting unit shown in Fig.l; 

Figs.3A_3D are time charts showing an operation of a latch code 
10    generation in a transmitting unit shown in Fig.l; 

Figs.4A and 4B are time charts showing an operation of a bit 
changeover in a receiving unit shown in Fig.l; 

Figs.5A-5F are time charts showing an operation of skew 
adjustments in a receiving unit shown in Fig.l; 

15 Fig.6 is a block diagram showing a schematic arrangement of a 
parallel signal transmission device according to the present invention 
(2) ; 

Figs.7A-7G are time charts showing an operation example of the 
present invention (2) shown in Fig.6; 

20 Fig.8 is a block diagram showing a schematic arrangement of a 
parallel signal transmission device according to the present invention 
(3) ; 

Figs.9A-9H are time charts showing an operation example of the 
present invention (3) shown in Fig.8; 

25 Fig.lOA-lOE are time charts showing an operation example of a 
parallel signal transmission device according to the present invention 
(4) ; 

Fig.llA-llE are time charts showing an operation example of a 
parallel signal transmission device according to the present invention 

30 (5); 
Fig. 12 is a block diagram showing an embodiment of the present 
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invention (l); 
Figs.l3A and 13B are time charts showing an operation of a 

serial-parallel conversion in a transmitting unit shown in Fig. 12,' 
Figs.l4A-14D are time charts showing an operation of a latch 

5    code generation in a transmitting unit shown in Fig. 12; 
Figs.l5A and 15B are time charts showing an operation of a bit 

changeover in a receiving unit shown in Fig. 12; 
Figs.l6A-16F are time charts showing skew adjustments in the 

receiving unit shown in Fig. 12; 
If 10 Fig. 17 is a block diagram showing an embodiment of a bit shift 
O detector used in the present invention; and 

Figs.l8A-18K are operation time charts of the bit shift detector 
!£J shown in Fig. 17; 
y |H Throughout the figures, like reference numerals indicate like or 
n M= 15    corresponding components. 

^ [0034] O Description of the Embodiments 
Fig. 12 shows an embodiment of the parallel signal transmission 

20    device according to the present invention (l) schematically shown in 
Fig.l.   In   this   embodiment,   input   serial   signals   of  40 GHz 
ultrahigh-speed serial signals are converted into N=16 parallel signals 
to be serviced, and the clock recovery portion 31 corresponding thereto 
is composed of 16 clock recovery portions DCRrDCRi6. Also, operation 

25    time charts shown in Figs.l3A, 13B, 14A-14D, 15A, 15B, and 16A-16F 
respectively correspond to the time charts shown in Figs.2A, 2B, 
3A-3D, 4A, 4B, and 5A-5F. 

[0035] 
In the transmitting unit 1, the serial-parallel converter 11 firstly 

30    converts the 40 GHz ultrahigh-speed serial signals shown in Fig.l3A 
into 16-parallel signals shown in Fig.l3B to be transmitted to the 
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latch (circuit) 12 and the fixed delay portion 14. 
The latch 12 generates 16-parallel signals shown in Fig.l4C by a 

sampling period shown in Fig.l4B to be transmitted to the latch code 
generator 13. The latch code generator 13 generates serial latch code 

5 signals (see Fig.l4D) of a frame longer than the 16-bit length of 
frequency P/N=40/16=2.5 GHz to be transmitted to the receiving unit 
3. 

[0036] 
The serial latch code signals include frame pulses FP's indicating 

Jf 10 the heads of the frames and fixed bits besides data strings of 
p serialized 16-parallel signals latched at the latch 12, thereby 
H composing a format which makes the identification of data easy in the 
SJ receiving unit 3. 
1 [0037] 
M= 15 Also, the fixed delay portion 14 of the transmitting unit 1 
Hi r=        provides, in order to make a synchronization with the timing of the bit 
2 shift detection in the receiving unit 3, a predetermined bit delay to the 
M=        16-parallel output data to be transmitted to the receiving unit 3. 

In the receiving unit 3, the clock recovery portions DCRrDCRi6 
20 composing the clock recovery portion 31 recover clocks of the 

16-parallel signals, and the clock recovery portion DCRLT also 
composing the clock recovery portion 31 recovers the clock of the serial 
latch code signals, respectively to be transmitted to the bit changeover 
portion 32. 

25 [0038] 
The bit changeover portion 32 uses one of the recovered clocks as 

a reference clock (master clock) to perform a bit changeover, as shown 
in Fig.l5B, of the 16-parallel data in a skewed state shown in Fig.l5A 
and the serial latch code signals, thereby having the data alignment 

30    converted based on the reference clock. 
[0039] 
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Thus, the 16-parallel signals and the serial latch code signals 
having the bit changeover at the bit changeover portion 32 are 
transmitted to the bit shift detector 33. 

The bit shift detector 33 sets a window (monitoring range) of 
5    W=3 bits as shown in Fig.l6B in order to match with the sampled 

latch code transmitted from the transmitting unit 1. 
[0040] 

The window of this case is generated according to the position of 
the frame pulse FP of the serial latch code signals from the 
transmitting unit 1, and has a total width of 3 bits including a 

O 
h previous and a next bit in view of a skew occurrence based on 
i?s        experiments or the like. 
Vj In such a window, as shown in Fig.l6E as well as in Fig.5E, bit y 
|H        shift amounts are detected to by mutually matching the codes of the 
l* 15    16-parallel data shown in Fig.l6A and the 16-parallel expanded latch 
[J!        code signals shown in Fig.l6C. 

[0041] 
O i& Namely, in the comparison therebetween, a flag is set up at the 

matched point, so that the bit shift amounts of the 16-parallel signals 
20    are detected by using the matching flag. This monitoring is performed 

until the flag pattern fixes on the same position for a long period of 
time. 

Also, it is preferable to use a forward and a backward protection 
to determine the bit shift detection. 

25 [0042] 
When the bit shift amounts are thus detected, the bit shift 

amounts to the latch period signals can be measured as shown in 
Fig.l6E. Therefore, by providing the bit shift amounts to the variable 
delay portion 34, the 16-parallel signals of 2.5 GHz rearranged for the 

30 data alignment on the original time axis can be outputted as shown in 
Fig.l6F as well as in Fig.5F. 
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[0043] 
Hereinafter, an embodiment of the above-mentioned bit shift 

detector 33 will be described in detail referring to Figs. 17, and 
18A-18K. It is to be noted that in this embodiment, the signal line 

5    (transmission line) has the parallel number N=2, and the window 
W=3 bits. 

Firstly, the bit shift detector 33 is roughly composed of a code 
matching portion 4, a pattern matching portion 5, a system fault 
detector 6, a rise detector 7, and a shift detector 8. 

£10 [0044] 
Q Among the above, the code matching portion 4 is composed, for 
-; one of the two parallel signal lines (first bit transmission data), an 
2 E-OR (Exclusive OR) circuit 41 for detecting a matching by inputting 

(fl       the transmission data (2-parallel signals) from the fixed delay portion 
JL 15    14 of the transmitting unit 1 and the serial latch data from the latch 

code generator 13 having been further converted into parallel data, 
H        AND circuits 42-47 (AND circuits 42 and 43 for the first bit windows; 
O C        AND circuits 44 and 45 for the second bit windows; an AND circuits 

46 and 47 for the third bit windows) for detecting a code matching as 
20    will be later described.   Although similar circuits are used for the 

other signal line (second bit transmission data), they are not shown in 
the Fig. 17 for the sake of simplification. 

[0045] 
Also,   the   pattern  matching  portion   5   includes  line sync 

25    establishment detecting circuits 51 and 52, an AND circuit 53, an 
inverter 54, a register (J-F flip-flop) 55, and a mask circuit 56. 

The line sync establishment detecting circuits 51 and 52 are 
respectively provided for a single signal line. Although their internal 
arrangements are the same, only that of the line sync establishment 

30    detecting circuit 51 is shown for the sake of simplification. 
[0046] 
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Namely, the line sync establishment detecting circuit 51 includes 
flag detecting circuits 511-513, an adder 514, and a register 515. The 
AND circuits 42-47 are also included in the line sync establishment 
detecting circuit 51. 

The flag detecting circuits 511-513 respectively detect the flag for 
each bit in the window of 3-bit width as shown in Figs.5E and 16E. 
Although their internal arrangements are the same, only that of the 
flag detecting circuit 511 is shown for the sake of simplification. 

[0047] 
Namely, the flag detecting circuit 511 comprises 3-staged 

protection circuits for flag detection, which includes registers (D 
flip-flop) 101 and 102 connected in cascade for inputting the output 
signals of the AND circuit 43 in the code matching portion 4, and an 
AND circuit 103 for performing 3-staged protection determination in 
sync establishing direction by inputting the output signals of the AND 
circuit 43, the register 101, and the register 102. The flag detecting 
circuit 511 further includes, in the sync losing direction, an inverter 
104 for inverting the output signals of the AND circuit 43, an inverter 
105 for inverting the output signals of the AND circuit 42, and an 
AND circuit 106 for inputting the inverted output signals of the 
registers 101 and 102 and for inputting the output signals of the 
inverters 104 and 105. Also, the AND circuits 42 and 43 are included 
in the flag detecting circuit 511. 

[0048] 
The output signals of the AND circuits 103 and 106 are 

respectively inputted to a J-terminal and a K-terminal of a register 
(J-K flip-flop) 107. Moreover, the inverted output signals of the 
register 107 are inputted to an AND circuit 108 with sync state 
signals described later, and the output signals of the AND circuit 108 
are connected to clear terminals L of the registers 101 and 102. 

[0049] 
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The adder 514 inputs the outputs of the flag detecting circuits 
511-513, and is connected to a register 515 for determining the line 
sync establishment of each signal line. The register 515 inputs the two 
output signals of the adder 514 respectively to the J-terminal and the 

5 K-terminal, and makes the latch period signals (see Fig.l6D) the 
enable signals (synchronizing signals). 

[0050] 
The respective output signals of the line sync establishment 

detecting circuits 51 and 52 are inputted to the AND circuit 53 for 
H-- 10 detection of all bit synchronization. The output of the AND circuit 53 
fi is inputted to the J-terminal of the register 55 for generating the sync 
ft state signals, and the inverted signals are inputted to the K-terminal 
|| through the inverter 54. 
m [0051] 
L 15 The output signals (sync state signals) of the register 55 are 
1H        provided to the system fault detector 6 and the rise detector 7, as well 
SI        as the mask circuit 56 in the pattern matching portion 5. 
C The system fault detector 6 generates a system warning, and the 

rise detector 7 receives the output signals from the AND circuit 53 as 
20    well simultaneously for detecting the rise, so that rise detection 

signals are made the enable signals of the 6 registers in the shift 
detector 8. 

[0052] 
The shift detector 8 inputs 6 input signals in total including the 

25 respective output signals of the flag detecting circuits 511-513 and the 
similar flag detecting signals of the other line sync establishment 
detecting circuit 52, and detects the bit shift amounts in the window 
range of three bits per single signal line by the output signals of the 
rise detector 7, namely 6 bit shift amounts in total for the 2 signal 

30    lines in all. 
[0053] 
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As described above, the bit shift amounts of the shift detector 8 
are transmitted to the variable delay portion 34 as well as the mask 
circuit 56 in the pattern matching portion 5. The mask circuit 56 is 
composed of 6 inverters and 6 OR circuits corresponding to the shift 

5 detector 8. The shift amounts from the shift detector 8 are inputted to 
the OR circuits and the output signals of the register 55 are provided 
to the inverters. 

[0054] 
As for the output signals of the OR circuits of the mask circuit 56, 

10 3 output signals on the lower side are transmitted to the AND circuits 
42, 44, and 46 in the code matching portion 4, so that logical products 
of the first bit of the parallel signals and the bits of the 3-bit window 
are obtained for masking the code matching, and 3 OR circuits on the 
upper side masks the code matching for the second bit of the parallel 

15 signals. 
[0055] 

Hereinafter, the operation of the bit shift detector 33 having 
such an arrangement will be described referring to the time charts 
shown in Figs.l8A-18K. 

20 Firstly, a code matching is performed to the inputted parallel 
signals per each signal line by the code matching portion 4. As 
described above, each signal line (transmission line) has a window of 
3-bit width (see Fig.l8A). In order to check which of the bits within 
the window has the parallel signals and the latch code signals 

25    matched (see Figs.5A-5C, and 16A-16C), a code matching of 3-bit 
window per single signal line (line) is performed. 

[0056] 
Namely, Fig.l8D shows a result where the E-OR circuit 41 has 

performed the matching detection (flag detection) of the first bit 
30    parallel signals (first bit transmission data shown in Fig.l8B) with the 

first bit of latch code signals (see Fig.l8C) within the window width of 
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3-bits. 
[0057] 

Similarly, Fig.l8E shows a state where an E-OR. circuit (not 
shown) performs the matching flag detection of the second bit of the 

5    parallel signals (see Fig.l8B) with the latch code signals (see Fig.l8C) 
within the window width of 3-bits. 

As a result, the code matching is performed at 6 points in the 2 
signal lines in all as shown in Figs.l8D and 18E, and the matching 
flag rises when the parallel signals and latch code signals are 

10 mutually matched. Thus, it is made possible to recognize whether or 
not the parallel signals are matched with the latch code signals in any 
bits within the window for each signal line. 

[0058] 
It is to be noted that in the present state, the mask signals from 

15    the mask circuit 56 assume enable signals to the AND circuits 42, 44, 
and 46, and the 3-bit window signals are transmitted unchanged to 
the AND circuits 43, 45, and 47. 

Thus, the output signals from the AND circuits 43, 45, and 47 
are respectively transmitted to the flag detecting circuits 511, 512, 

20    and 513 to have 3-staged protection performed therein. This is 
likewise in the line sync establishment detecting circuit 52. 

[0059] 
Namely, in case of the flag detection circuit 511, Fig.l8G shows a 

state where the protection stage of each window is provided for the 
25 first bit of the parallel signals at the line sync detection timing (see 

Fig.l8F) by way of the registers 101, 102, and the AND circuit 103, as 
well as the register 107. In the example of Fig.l8G, a state ® is 
shown on the right end where only the first bit of the parallel signals 
establishes the 3-staged protection. 

30 [0060] 
Also, as for the second bit of the parallel signals, as shown in 
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Fig.l8H, a state (2) is shown where the first and the third bits of the 
window have the 3-staged protection established. 

Such  3-staged protection in  sync establishing direction is 
performed by the registers 101, 102, the AND circuit 103, and the 

5    register 107. 
[0061] 

At this time, the number of the state where the 3-staged 
protection is established, namely, whether or not the synchronization 
is established at a plurality of positions is checked using a pulse for 

10    recognizing outside of the window (the bit position following the 
window in the example shown. 

This is because, as shown in e.g. state (2) of Fig.l8H, in case the 
parallel signals have the pattern "101" in the 3 bits within the window, 
and the latch code signals to be compared with are "1", they are 2 

15 points where the parallel signals match with the latch code signals, 
thereby simultaneously establishing the 3-staged protection in a 
plurality of bits within the window. 

[0062] 
Therefore, the adder 514 and the register 515 detect the state (2) 

20    shown in Fig.l8H where the protection is established at a plurality of 
points, and judges that a specific "shift" has not yet been detected 
(shift amounts cannot be specified since synchronization is detected at 
a plurality of bits), so that the protection is taken until focusing the 
3-staged protection-established state on one point per a single signal 

25    line. In this case, the adder 514 provides an output of "=1" to the 
J-terminal of the register 515 when the number of "1" is single, while 
providing an output of "=0" to the K-terminal of the register 515 when 
the number of "1" is zero or plural. 

[0063] 
30 As a result, in the case shown in Fig. 181, the state (D in Fig.l8G 

has    only   one    3-staged   protection   established,    so   that the 
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synchronization is established, so that the sync establishment signal 
is transmitted from the line sync establishment detecting circuit 51 to 
the AND circuit 53. 

In the case shown in Fig. 18J, the state ® in Fig.l8H, where the 
5    second bit of the parallel signals in Fig.l8H has the third bit of the 

window changed to protection stage "0", has only one 3-staged 
protection established, so that the sync establishment signal shown as 
state (D in Fig. 18J is transmitted from the line sync establishment 
detecting circuit 52 to the AND circuit 53 to obtain the logical 

t* io    products with the synchronization establishment signal from the 
5        register 515 of the line sync establishment detecting circuit 51. 
y [0064] 
(0 As a result, as shown in Fig.l8K, only in a state © where both 

of the first bit and the second bits of the parallel signals are in the 
M> 15 sync established state, it is recognized that the synchronization of the 
Ifj parallel signal is established, whereby the synchronization state 
y        signal is outputted from the register 55. Namely, when the 3-staged 
M-        protection is established for only one point in a single signal line the 

synchronization is established for the signal line. Only when the 
20    synchronization   is   established   in   all   of  the   signal   lines, the 

synchronization as the parallel signals is established. 
[0065] 

When   the   synchronization   for   the   transmission   data is 
established, bit shift amounts are extracted in order to recognize how 

25    much bit delay amounts exist for the signal lines. 
In order to do this, the rise detector 7 detects the rise at the time 

of synchronization establishment by the output signals of the register 
55 and the AND circuit 53. At this timing, the output signals of the 
flag detecting circuits 511-513 and the flag detecting circuits (not 

30 shown) in the line sync establishment detecting circuit 52 are 
respectively provided to the D terminals of the 6 registers composing 
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the shift detector 8. 
[0066] 

In this case, the rise detection signal from the rise detector 7 
indicates in which position within the window the synchronization is 

5 established, so that the signals outputted from the 6 registers 
composing the shift detector 8 indicate in which bit in the window the 
synchronization has been made, i.e. the "bit shift amount". The bit 
shift amounts are outputted to the variable delay portion 34. 

[0067] 
10 Although the bit shift amounts are thus obtained, during the 

synchronization in the form of the parallel signals being established, 
the code matching portion 4 has only to monitor the 
matching/mismatching between the parallel signals and the latch code 
signals in the bit of the synchronization establishment within the 

15 window width. Therefore, in the mask circuit 56, the OR circuits takes 
the logical sum of the output signals of the shift detector 8 and the 
inverted signals of the synchronization state signals from the register 
55 inverted by the inverters, so that the code matching-mask signals 
from the OR circuits are provided to the AND circuits 42, 44, 46, and 

20    the AND circuits (not shown) (6 AND circuits in total), and the logical 
products of the mask signals and the window are obtained, thereby 
blocking the code matching for the bit where synchronization is not 
established. 

[0068] 
25 Also, a forced load signal is generated by the synchronization 

state signals from the register 55 and the three flag detecting 
registers provided for each signal line (register 107 in case of flag 
detecting circuits 511). 

Namely, when the synchronization in the form of the parallel 
30 signals is established, the registers for recognizing the 

synchronization of the signal lines must indicate that synchronization 
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state is established in only one of the signal lines. Taking the register 
107 as an example, the inverted signal therefrom and the 
synchronization state signal of the register 55 are provided through 
the AND circuit 108 to the clear terminals L of the registers 101 and 

5 102, thereby clearing the registers 101 and 102. 
[0069] 

This is for avoiding the recognition of the previous state (when 
the synchronization in the form of the parallel signals is previously 
established) at the time of 3-staged protection detection when the 

10 synchronization in the form of the parallel signals is lost and all of the 
bits within the window are started to be monitored again, namely for 
the prevention of mis-synchronization. 

[0070] 
The above-mentioned protection deals with 3-staged protection 

15    in the sync establishing direction. As for the sync losing direction, in 
the example of the flag detecting circuit 511, the protection is 
performed by the registers 101, 102, the inverters 104, 105, and the 
AND circuit 106. 

Namely, in case even a single line of the parallel signals has no 
20    flag rise within consecutive three bits, the only register which was in 

the synchronized state among the three registers (register 107, etc.) 
for recognizing the synchronization for each signal line will lose the 
synchronization, thereby changing the result of the adder 514 from 
"=1" to "=0". 

25 [0071] 
As a result, the output of the register 515 will be inverted and 

the  output  of the  AND  circuit  53  becomes  "0",   so  that the 
synchronization state signals from the register 55 will indicate a sync 
lost state. 

30 When it becomes the sync lost state as mentioned above, in the 
mask circuit 56, the signals of "1" inverted through the internal 
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inverters will be provided to the OR circuits, so that regardless of the 
shift amount from the shift detector 8, all of the bits within the 
window per signal line become the object to be monitored, thereby 
performing the code matching at all of the 6 points. 

5 [0072] 
Also, the system fault detector 6 monitors whether or not there is 

a system fault by using the sync state signals from the register 55. For 
example, when the synchronization in the form of the parallel signal is 
not established even after a lapse of 2ms, the system fault detector 6 

10    determines that there is abnormality in the parallel signals, and 
Q        generates an alarm. 
R [0073] 
W Upon receipt of the alarm signal, e.g. a CPU (not shown) will y i 
O        extract the states of the registers 107, etc. for recognizing the 
in V 15    synchronization per each signal line in order to check in which signal 

line the synchronization has not been yet established. The warning 
W        signal will be canceled when the synchronization as the parallel SJ 
O        signals is established. 

[0074] 
20 As   described  above,   a  parallel  signal  transmission device 

according to the present invention is arranged such that a 
transmitting unit generates serial latch code signals from periodically 
latched parallel signals besides transmitted parallel signals, and 
adjusts phases of the parallel signals to the serial latch code signals by 

25 delaying the parallel signals by a predetermined delay time," and a 
receiving unit changes over bits of the parallel signals from the 
transmitting unit based on recovered clocks, detects bit shift amounts 
of the parallel signals after bit changeover, and performs skew 
adjustments of the parallel signals depending on the bit shift amounts. 

30 Therefore, it is made possible to perform flexible skew adjustments to 
the  skews  generated on transmission lines  in ultrahigh-speed/ 
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large-capacity signal transmission. 
[0075] 

Also, by making the receiving unit descramble the data 
scrambled at the transmitting unit, the clock recovery function is 
stabilized and the performance thereof is improved. 

Moreover, by arranging the transmitting unit to reset the 
scrambling operation after scrambling and the receiving unit to reset 
the descrambling operation after descrambling at a timing the 
receiving unit detects bit shift amounts, such an effect is achieved that 
even if the data are erred in the transmission line, their influence is 
suppressed. 

[0076] 
Moreover, in the present invention, by comprising a parallel 

number with a prime number, or by setting a prime relationship 
between a number of parallel and a bit number of the latch sampling 
intervals, periodic fixed-pattern data can be avoided, thereby 
contributing to the stabilization of the operation of clock recovery 
function and the improvement of the performance. 
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